Background: Forkhead box P3 (FOXP3) has been found to be overexpressed by a range of cancer cells and correlated with prognosis of tumors. This finding raises the possibility that the development of anti-FOXP3 antibody test may be useful for clinical application. Objective: The present work was designed to test whether circulating autoantibody to FOXP3 was altered in lung cancer. Methods: 271 patients with non-small cell lung cancer (NSCLC) and 227 in control subjects matched in age, gender and smoking history were recruited. Circulating anti-FOXP3 IgG antibody was tested using an inhouse enzymelinked immunosorbent assay. Results: Student's t-test showed that the levels of IgG autoantibody to FOXP3 were significantly higher in patients with NSCLC than control subjects (t = 7.67, P < 0.0001). Receiver operating characteristic (ROC) analysis showed that the area under the ROC curve (AUC) was 0.70 (95% CI 0.65 -0.75, SE ± 0.024), in which patients at stage 2 had the highest AUC of 0.75 (95%CI 0.67 -0.81, SE ± 0.037), with a sensitivity of 31.4% against a specificity of 90.3%. Analysis of quality control samples gave an inter-assay deviation of 13.3% among 45 plates tested. Conclusions: Circulating IgG autoantibody to FOXP3 may be a potential biomarker for lung cancer.
INTRODUCTION
A number of recent studies suggest that circulating autoantibodies to a particular tumor-associated antigen (TAA) are positive in some patients with malignant tumors [1] [2] [3] although the TAAs involved in the specific immune response vary among tumor types and among individuals with a tumor. Spontaneous tumor-related antibodies have also been considered as being biomarkers for early diagnosis and prognosis of malignancies [1, 2, 4, 5] . Circulating autoantibodies to TAAs are detectable several years before radiographic detection or incidence screening is able to identify a tumour [6] [7] [8] . Early CDTLung was the first autoantibody-based diagnostic tool in lung cancer [9] . It was made with a panel of 7 TAAs and the panel antibody positivity has achieved up 50% in patients with lung cancer [9] . Autoantibodies to a panel of TAAs have also been reported in breast cancer and the positive rates reported to date range from 30% to 80% [5] . While the detection of circulating autoantibodies is a promising way for early diagnosis and prognosis of cancer, the improvement of sensitivity and specificity remains needed. To achieve this goal, it is important to identify new TAAs additive to the current panel. A question to be addressed here is why only a subgroup of patients with cancer develops the humoral immune responses to a particular TAA. It is possible that the human leukocyte antigen class II (HLA-II) genotypes predispose to the development of humoral immune responses to a particular TAA.
It is involved in regulating immunosuppressive function of regulatory T-lymphocytes (Treg) in autoimmune response [11] . Treg cells largely express FOXP3 and the alpha chain of interleukin 2 (IL-2) receptor, also known as CD25, that plays an important role in tumor immunity. Recruitment of Treg cells is involved in promoting cancer cells to escape from host protective immunity [12] . Interestingly, a number of recent studies reveal that FOXP3 is expressed not only by Treg cells but also by a range of human cancer cells [13] [14] [15] [16] [17] , suggesting that FOXP3 expressed in cancer cells could act as a new member of TAAs. It is thus important to elucidate whether circulating antibodies to FOXP3 are increased in malignant diseases. In this study, therefore, we developed an enzyme-linked immunosorbent assay (ELISA) inhouse using the HLA-II restricted epitopes derived from FOXP3 to detect circulating anti-FOXP3 autoantibody.
MATERIALS AND METHODS

Experimental Subjects
A total of 271 patients who were newly diagnosed as having NSCLC were recruited for this study by the Department of Pulmonary Oncology, Third Affiliated Hospital of Harbin Medical University, Harbin, China. Of these 271 patients aged 57.4 ± 9.2 years, 176 were male and 95 were female. Their diagnosis was made based on radiographic examination and histological confirmation with staging information; inclusion of patients was restricted to those with adenocarcinoma (n = 158) and squamous carcinoma (n = 113) only. Blood samples were taken prior to any anticancer treatment. Two hundred twenty-seven healthy subjects, well matched in age (57.1 ± 10.4 years), gender and smoking history, were also recruited as controls from local communities, of whom 135 were male and 92 were female. Clinical interview and radiographic examination were applied to rule out the control subjects who had history of lung cancer or any other malignant tumors. All the subjects were of Chinese Han origin and all gave written consent to participation in this study. This work was approved by the Ethics Committee of Harbin Medical University and conformed to the requirements of the Declaration of Helsinki.
Autoantibody Testing
Circulating IgG antibodies specific for FOXP3 were measured by a relative ELISA approach as described in our recent publications [18, 19] . Briefly, the peptide antigen was synthesized by solid-phase chemistry with a purity of >95%. The synthetic peptides were dissolved in 67% acetic acid to obtain a concentration of 5 mg/ml as stock solution. The antigens were diluted with phosphatebuffered saline (PBS, Product No P4417, Sigma-Aldrich) containing 0.1% azide just before use. The optimal working solution was 7.5 µg/ml for the FOXP3 antigen and 20 µg/ml for the control antigen as described in our previous work [18, 19] . Coaster 96-Well Microtiter EIA Plates (Immuno Chemistry Technologies, USA) were halfcoated in 0.1 ml/well of the FOXP3 antigen (0.75 µg/ well) and half-coated in 0.1 ml/well of the control antigen (2 µg/well). The antigen-coated 96-well microplates were covered and incubated overnight at 4˚C. After the antigen-coated plate was washed 3 times with PBS containing 0.05% Tween-20 (PBS-T), 100 µl plasma sample diluted 1:200 in Assay Buffer (DS98200, Invitrogen) was added to the sample wells and 100 µl Assay Buffer was added to the negative control (NC) wells. Following 3 hour incubation at room temperature, the plate was washed 3 times and 100 µl peroxidase-conjugated goat antibody to human IgG (A8667, Sigma-Aldrich) diluted 1:40000 in Assay Buffer was added to each well. After incubation at room temperature for 2 hours, color development was initiated by adding 100 µl Stabilized Chromogen (SB01, Invitrogen) and terminated 25 minutes later by adding 50 µl Stop Solution (SS03100, Invitrogen). The measurement of optical density (OD) was completed on a microplate reader (BioTeck, USA) within 10 minutes at 450 nm with a reference wavelength of 620 nm.
Each sample was tested in duplicate. To reduce the interference from a non-specific signal produced by passive absorption of various IgG antibodies in plasma to the surface of 96-well microplate, a specific binding index (SBI) was used to express the levels of circulating autoantibodies to FOXP3. SBI was calculated as follows:
Data Analysis
The mean ± SD in SBI was used to present data. IBM SPSS Statistics 21.0 was used to perform Student's t-test for the difference in SBI between the patient group and the control group. The Analyse-it software (Analyse-it Software Ltd, UK) was applied to perform receiver operating characteristic (ROC) analysis to work out the area under the ROC curve (AUC) with 95% confidence interval (CI) and the sensitivity of the ELISA antibody test against a specificity of >90%.
To minimize an intra-assay deviation, the ratio of the difference between duplicated OD values to their sum was used to assess the precision for assay of each sample. If the ratio was >10%, the test of this sample was treated as being invalid and would not be used for data analysis. The inter-assay deviation was estimated using a pooled plasma sample, namely quality control (QC) sample, which was randomly collected from >200 unrelated healthy subjects and tested on every 96-well plate.
RESULTS
The levels of IgG autoantibody to FOXP3 were significantly higher in patients with lung cancer than control subjects (t = 4.99, P < 0.0001 for squamous cancer and t = 7.31, P < 0.0001 for adenocarcinoma); both male and female patients contributed to the increased levels of IgG autoantibody to FOXP3 although circulating levels of anti-FOXP3 IgG was not significantly higher in female patients with squamous lung cancer ( Table 1) .
ROC analysis showed an AUC of 0.7 (95%CI 0.65 -0.75, SE ± 0.024) and a sensitivity of 20.3% against a specificity of 90.3%. As shown in Table 2 , patients with NSCLC at stage 2 showed the highest AUC of 0.74 (95% CI 0.67 -0.81, SE = 0.037), with a sensitivity of 31.4% against specificity of 90.3%. Analysis of QC samples gave an inter-assay deviation of 13.3% among 45 plates tested.
DISCUSSION
Several lines of evidence have demonstrated that a range of malignant tumors overexpress FOXP3 mRNA and proteins [15] , suggesting that overexpression of FOXP3 is not restricted to a particular tumor type but may indicate the existence of various malignancies in the body. In recent work, we found that circulating levels of anti-FOXP3 IgG were significantly higher in patients with esophageal cancer than health controls [18] . Functionally, FOXP3 is a transcriptional factor that has been found to play a role in repressing transcription of some oncogenes in cancer cells [20, 21] . FOXP3 expression in malignant tumors may be a protective mechanism by which our body could be able to slow down the growth of cancer cells. Furthermore, we have recently found that the levels of anit-CD25 IgG antibody were significantly higher in patients with NSCLC than control subjects [19] . These observations suggest that there may be a functional alteration of Treg cells in lung cancer.
Overexpression of TAAs can stimulate the immune system to secret antibodies against themselves [22] . In this study, we developed an ELISA-based antibody test in-house for detection of circulating IgG antibody to FOXP3 and confirmed a significant increase in anti-FOXP3 IgG in patients with NSCLC as compared to control subjects (Table 1) , especially those at stage 2 of the malignant tumor ( Table 2 ). This finding suggests that anti-FOXP3 antibody may be a potential biomarker for lung cancer. While testing of autoantibodies to TAAs has potential benefits for early diagnosis, the association of these autoantibodies with prognosis has been inconsistent across studies. For an example, the autoantibody to tumor-suppressor antigen p53 was reported to be associated with decreased survival rates in ovarian cancer by a couple of studies [23, 24] , but with an increased sur- vival rate by others [25, 26] . The utility of circulating autoantibodies to TAAs as prognostic biomarkers still needs further confirmation in large-scale clinical studies. Emerging evidence from investigation of human cancer samples suggests that there is a significant correlation between FOXP3 expression and poor prognosis of malignancies [27] [28] [29] although a recent study suggests that FOXP3 expression has a better prognostic potential in patients with NSCLC [30] .
CONCLUSION
Most work reported to date has focused on quantifying either FOXP3 mRNA or proteins in tumor tissue samples. Because the antibody testing is much simple, sensitive and reproducible as compared with quantitative real-time PCR and immunohistochemical analysis, it is worth carrying out further investigation to clarify whether circulating anti-FOXP3 antibodies could serve as a prognostic biomarker.
